Here, we report self flux single crystal growth of FeTe 1-x Se x (0.00≤ x ≤ 0.50) series via solid state reaction route; the resulted crystals as seen are shiny. X-Ray diffraction (XRD) performed on the surface of crystals elucidated the growth in (00l) plane, i.e. orientation in cdirection only. Scanning electron microscopy (SEM) images showed slab like morphology and EDX (Energy dispersive X-ray analyzer) confirmed that the crystals are closed to their designed compositions. Rietveld analysis of the XRD patterns of crushed crystal powders showed that the cell parameters decrease with Se content increase. Coupled magnetic/structural phase transition temperature, seen as a step in resistivity for the lower Se concentration i.e. 0.00 ≤ x ≤ 0.07, decreases from around 65K for x=0.0 to 50K for x=0.07 and it is not detected for higher x values.
Introduction
Fe chalcogenide superconducting compounds [1, 2] possess the simplest PbO-type crystal structure among the Iron based superconducting family [1] [2] [3] [4] [5] [6] . Because of their simplest crystal structure, having only Fe chalcogen layers, these are thought to be the ideal candidates for understanding the properties and mechanism of Fe based superconducting compounds [1] [2] [3] [4] [5] [6] . The FeSe/As tetrahedral layers in Fe containing superconducting compounds are the key component, which play the role similar to that of CuO 2 layers in superconducting cuprates [7, 8] . As reported, doping of S/Se at Te site in PbO-type FeTe 1-x Se x suppresses the magnetic ordering of parent Antiferromagnetic (AFM) compound FeTe and induces superconductivity [9] [10] [11] [12] [13] . The ground state of Iron Chalcogenides i.e. FeTe compound orders anti-ferro-magnetically below 70K [9, [14] [15] [16] . At ambient conditions, maximum T c for Fe chalcogenides superconducting system is found to be 15K at x=0.50 [9, 16] and T c was increased to 37K by hydraulic pressure [17] [18] . T c can be further increased up to 50K with favorable alkali metal (Na, Eu, Ca etc) intercalation [19] [20] [21] .
Till now, the concept of superconductivity in Fe based compounds i.e. Fe chalcogenides and pnictides is not yet clear as T c for these compounds gets increased of up to 100K for FeSe mono layer [22, 23] , which cannot be explained by electron-phonon coupling theory and hence are termed as unconventional superconductors [24, 25] . Because the electron-phonon coupling in FeSe/Te system is found to be weak, the phenomenon behind its superconductivity is yet challenging.
Raman spectroscopy on single crystals of appropriate quality may provide some important information related to the electron coupling in these types of compounds [26] . Further, because a single crystal has no grain boundary related problems and, hence, it is always desired by condensed matter physicists for physical property measurements and theoretical modelling.
Till date, FeSe based compounds has no universal accepted phase diagram because of its phase complexity, as, in this system several phases and different crystal structures are appeared simultaneously. According to the defined phase diagram of FeSe system, it is not easy to obtain the large-size single crystals of superconducting FeSe by the melt process technique [27] . On the other hand, the single crystal growth is relatively easy using simple melt process technique for Te substituted FeSe system [25, 28] . Here, we report the self flux growth of FeTe 1-x Se x (0.00 ≤ x ≤ 0.50) single crystals and their structural properties, superconducting property, Raman spectroscopy and Mossbauer spectra. When the temperature is decreased from 300K to 2K during resistivity measurements, the pure and some doped sample i.e. x=0 to 0.07 showed step like transition (coupled magnetic/structural) decreasing from 65K to 50K for x=0.00 to x=0.07, respectively.
Other crystals show superconducting transition at low temperature and maximum T c (14K) is achieved for x=0.50 sample. Interestingly, the x=0.07 crystal showed both the magnetic/structural and superconducting transitions at temperature around 50 and 10K, respectively. In Raman spectra, all the phonon modes are identified in low frequency range with slight higher frequency shift with Se doping. Mossbauer spectra data showed that the higher Se doping suppress the magnetic ordering in FeTe 1-x Se x series and some crystals do have both magnetic and superconductivity coexisting. Worth mentioning is the fact that, beyond x=0.50, the crystals could not be grown and the easy and versatile simple melt process technique did not work.
Experimental Details
The Electrical and magnetic measurements were performed on Quantum Design Physical Property
Measurement System (PPMS-14Tesla) down to 2K and up to magnetic field of 14Tesla. Raman spectra were recorded for all the samples at ambient condition on Renishaw Raman spectrometer with excitation by laser beam of 514nm wavelength. 57 Fe Mossbauer measurements were performed on crushed powder samples having 57 Co radioactive source in transmission mode.
Mossbauer spectra have been recorded using WissEl velocity drive, calibrated at room temperature with natural Iron absorber, and at low temperature measurements were performed using the Janis made superconducting magnet.
Results and Discussion
Single crystal XRD of FeTe 1-x Se x (0.00 ≤ x ≤ 0.50) series were performed at room temperature and obtained XRD patterns are shown in figure 1. From figure 1, it may be clearly seen that direction of crystal growth is in [00l] plane orientation i.e. in c direction, being as the highest peak intensities of XRD pattern are only occurring by (001), (002) and (003) planes, in 2θ range of 10 to 55 0 . This result impounds the single crystalline nature of the studied crystals. For generality, it can be mentioned that atom layer stock formation and XRD patterns of similar type were observed for other layered chalcogenide crystals [29] [30] [31] . Also, it can be concluded that c cell parameter decreases monotonically with increasing Se doping at Te site, as the position of (00l) plane is shifted to higher angle in 2θ graph. seen down to 2K while for x=0.07 only T c onset is occurred at nearly 10K. Also the hysteresis in ρ-T measurement near T N is seen up to x=0.05 crystals during cooling/warming cycles, some of these results are reported earlier [32, 34] . Here, the aim is to fill up the gaps and present the complete phase diagram of FeTe 1-x Se x (x=0.0 to 0.50) single crystal series. From Table 2 , we conclude that maximum T N is found nearly 65K for x=0.00 and maximum T c is found at 14K for x=0.50 crystal. The suggested temperature-doping concentration phase diagram of FeTe 1-x Se x (x=0.00 to 1.0) series from our results is shown in figure 4(d) . The detailed analysis of x=1.0 sample is reported earlier [35] , and the related point is marked by # in fig 4(d ordering and, for x≥0.07 this system shows the superconducting (SC) state at low temperature.
Interestingly, the x=0.07 shows both AFM and SC state at nearly 50K and 10K, respectively. So, from the suggested phase diagram, as Se concentration increases in FeTe1 -x Se x series, AFM ordering suppresses and superconductivity appears. Also, the crystals with Se content of x=0.07
show both AFM and SC states.
To further study superconducting response of studied FeTe 0.80 Se 0.20 single crystal, ρ-T measurement was performed under applied magnetic up to 14Tesla. The similar data for x =0.50 crystal were already reported earlier [33] . sample. The dependence of Lnρ verses 1/T under magnetic fields of up to 14Tesla is shown in figure 6(a) . By the TAFF theory [37, 38] , the TAFF region can be described with the help of [33] . This shows that the superconductivity robustness for x=0.20 crystal is lower than that for x=0.50 [33] .
Figure 7:
Raman spectra of FeTe 1-x Se x (x=0.00 and 0.50) series at room temperature. Inset is zoomed part of same.
In figure 7 , the Raman spectra are shown as recorded for FeTe 1-x Se x (x=0.00 and 0.50) series at room temperature at the laser beam excitation of 514nm with laser power of 25mW. At this power Raman spectra shows the best signal/noise ratio. The Raman spectra were recorded in low wave number range of 50-350cm -1 . In the low frequency range for the Fe(Se/Te) system after taking symmetry concern, four Raman active modes (E g 1 , A 1g , B 1g and E g 2 ) are expected [41, 42] [26] . In figure 7 , the Raman spectra of Mossbauer spectra for x=0.00 sample from our previous study [43] are also provided. At the lowest measurement temperature (5K), the Mossbauer spectra display clear magnetic sextet till 0.05 and a broad doublet for x=0.20 indicating the presence of magnetic ordering in these crystals. Therefore, the 5K spectra of these crystals are analyzed with distribution of hyperfine fields and, for x=0.20
the data are analysed with doublet along with distribution of hyperfine fields.
The average hyperfine field is found to be 10.6(1), 10.2(1), 9.1(1) and 6.1(1) Tesla for Highest T c of around 14K is found for x=0.50 sample. Raman and Mossbauer spectroscopy results are also reported for all the crystals and phase diagram of FeTe 1-x Se x single crystal series is completed by filling in the gaps with our previous studies [29] [30] [31] [32] .
